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Abstract
Knowledge is the resource that contributes the most to an organisation’s competitiveness. Construction projects usually introduce 
project teams from different disciplines. Hence, knowledge in projects is complex and difficult to manage. To efficiently manage 
knowledge in projects, various strategies and tools have been applied over the years to support knowledge management (KM). 
Building information modelling (BIM) is a technology that has recently gained a lot of attention in the construction industry. The 
main feature of BIM is object-oriented and parametric modelling with the functions of dynamic visualisation, life cycle simulation, 
early analysis, coordination and collaborative working. Many studies have explored the functions of BIM mainly at the information 
level. However, only a few studies have considered the management of knowledge in a BIM environment. To fill this knowledge 
gap, this study explored the potential and expectation of a BIM-based system for early collaboration among contractor, facility 
management (FM) and design teams in the design stage. This study chose semi-structured interview as the main method to collect 
qualitative information. A total of 30 experts working in the construction industry were interviewed. On the basis of the analysis results 
of the collected information, a discussion was presented on how BIM can facilitate KM activities and relieve KM challenges. Therefore, 
the discussion focused on the requirements and expectations of the integrated KM system in a BIM environment that can facilitate 
the early involvement of construction contractors and the FM team into the design stage. This study also provides a new research 
direction for the transformation of research focus from BIM to building knowledge modelling. This paper is the revised version of the 
paper that has been published in the proceedings of the Creative Construction Conference 2018 (Wang et al., 2018).
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1 Introduction
Knowledge is the most critical resource for any organi-
sation to maintain its competitiveness, and organisations 
in the construction industry are no exception (Ofek and 
Sarvary, 2002). Studies define knowledge from different 
perspectives. The widely accepted way to define knowl-
edge is to distinguish data, information and knowledge. 
According to Dretske (1983), data are raw and unstruc-
tured symbols, whereas information is organised and pro-
cessed data with a meaning. Quigley and Debons (1999) 
further distinguished information and knowledge by 
defining information as a source applied to answer ‘when’, 
‘where’, ‘who’ and ‘what’ questions, whereas knowledge 
is mainly used to answer ‘how’ and ‘why’ questions. 
Accordingly, data, information and knowledge should be 
arranged in three different hierarchies, in which data are 
at the bottom and knowledge is at the top.
Construction is recognised as a knowledge-inten-
sive industry. Construction projects can greatly bene-
fit from knowledge, such as avoidance of time and cost 
overrun, prevention of health and safety accidents and 
improvement of project lifecycle performance (Anumba 
et al., 2008). Accordingly, knowledge management (KM) 
has become the most important task in construction 
processes. However, with the increasing complexity of 
today’s construction projects, coupled with their tempo-
rary and fragmentary nature, KM in construction proj-
ects has become increasingly challenging (Prencipe and 
Tell, 2001; Sydow et al., 2004).
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To adapt to the increasing difficulty of KM in construc-
tion projects, various information technology (IT) tools 
and IT-based techniques have been widely developed and 
applied in construction projects to aid KM. These tools 
and techniques have been involved in various KM activ-
ities, namely, knowledge capture, retention, sharing and 
reuse. Meanwhile, IT-supported KM is used in each stage 
of a project, namely, design (Soibelman et al., 2003), con-
struction (Kivrak et al., 2008) and operation and mainte-
nance (O&M) (Fong and Wong, 2009). Moreover, because 
the emphasis is placed on building sustainability, the KM 
has shifted its focus from a single stage of a project to the 
whole project’s lifecycle (Tserng et al., 2009). Although 
ITs have been used to support the KM in construction 
projects, some aspects still need to be further improved, 
such as the collaborative and proactive KM.
Building information modelling (BIM) is an emerging 
technology and is extensively used in the AEC industry. 
BIM is a process that integrates geometric and non-geo-
metric information of a project to facilitate information 
exchange between project teams throughout the project 
lifecycle (Eastman et al., 2011). Existing studies on BIM 
can be classified into two main aspects, namely, techni-
cal related (e.g. clash detections, energy simulations, time 
and cost estimations and data interoperability) and pro-
cess related (e.g. collaboration, information sharing, BIM 
adoption and BIM-based procurements).
However, the abovementioned BIM-related studies 
have mainly focused on the information level rather than 
the knowledge level. At present, only a few studies have 
explored the KM facilitated by BIM. In addition, no study 
has systematically explored the BIM potential for KM 
and has figured out the requirements and expectations of 
BIM-based KM for collaboration, especially during the 
early design stage.
Therefore, this study aims to explore how the 
knowledge of construction contractors and the FM 
team can be involved in the early design stage in a BIM 
environment. To fill this knowledge gap, this study tries 
to answer the following questions. (1) How is knowledge 
managed in current construction projects? (2) How can 
the current projects involve construction contractors and 
the FM team in the design stage? (3) What is the potential 
of BIM for KM? (4) What are the requirements and 
expectations of the BIM-based KM system that can be 
used for the early involvement of construction contractors 
and the FM team?
2 Literature review
2.1 KM in construction
Construction is a knowledge-based industry. Due to the tem-
porary nature of construction projects, a formal mechanism 
to capture, retain, share and store the knowledge is needed 
(Prencipe and Tell, 2001; Sydow et al., 2004). Furthermore, 
losing knowledge at the end of a project is very easy as pro-
fessionals are usually transferred immediately to the next 
project with the lessons learned existing in their mind when 
they have completed their work. Accordingly, construction 
projects can hardly transfer the knowledge to a permanent 
part of an organisation (Carrillo et al., 2004). 
In addition, the content and context of KM are chang-
ing throughout the project lifecycle. For example, the main 
purpose of KM in the design phase is to promote design 
innovation, improve constructability and satisfy client 
requirements, whereas in the construction phase, KM 
strategies should deal with issues about construction mate-
rials, construction planning, methods and local practices 
(Song et al., 2009). However, KM in the O&M phase aims 
to improve the building performance to meet the require-
ments of the building user (Meng, 2013). Therefore, the 
effective and efficient management of knowledge through-
out the project lifecycle is crucial and challenging. As con-
struction projects become increasingly complex, various 
disciplinary teams are required to collaborate in projects. 
However, due to different educational backgrounds, work 
experiences and tasks, mutual understanding between 
them is lacking. As a result, knowledge sharing between 
teams can lead to misunderstanding and ambiguity. 
Knowledge transfer between different disciplinary teams 
can be a difficult task (Kamara et al., 2002).
2.2 Generic IT-supported KM in construction
Many KM-related techniques have been used in con-
struction projects, including brainstorming, communi-
ties of practice, face-to-face interactions, trainings and 
post-project reviews (Anumba et al., 2008). However, 
as construction projects become increasingly com-
plex, high requirements for KM have been put forward. 
Consequently, sole reliance on people to manage knowl-
edge is difficult. To alleviate this difficulty, many IT tools 
have been applied to each KM activity in construction 
projects, namely, knowledge capture, sharing, storage and 
reuse as exemplified in existing studies.
IT-based knowledge capture, which has developed from 
audio diaries (Hari et al., 2005) to Web 2.0 applications 
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(Kivrak et al., 2008; Udeaja et al., 2008), has gained a lot 
of research attention. For example, Soibelman et al. (2003) 
developed a design review checking system that captures 
knowledge generated from a review process and transfers 
such knowledge to a permanent part of an organisation. 
However, knowledge in engineering projects is experi-
ence based and tacit, thereby resulting in difficulties in 
knowledge capture and recording (Anumba et al., 2008). 
Although existing studies have involved the management 
of tacit knowledge, most of them facilitate the exchange 
of tacit knowledge by enhancing interaction. For exam-
ple, Lin and Lee (2012) developed a KM system that inte-
grates the communities of practice to improve the tacit 
knowledge capture and sharing. However, the improve-
ment of interaction can only support the temporary com-
munication of tacit knowledge. Only a limited number of 
previous studies have explored the retention and storage 
of tacit knowledge. Consequently, the reusability of tacit 
knowledge is still a problem that needs to be solved. As 
mentioned in Section 1, the nature of construction projects 
is temporary and fragmentary. Therefore, the knowledge 
generated during projects should be captured and trans-
ferred to the organisation for reuse. However, this work 
usually happens at the end of a project, during which some 
professionals have already moved on to the next project. 
To alleviate this problem, Udeaja et al. (2008) developed 
a web-based system to achieve the proposed concept of 
‘live’ capture and reuse of knowledge.
ITs are also used to facilitate knowledge sharing in 
construction projects. Most of these KM systems aim to 
improve their communication functions to aid the knowl-
edge-sharing process. Web-based technologies are also 
widely used for knowledge sharing. For example, Lin et al. 
(2006) integrated a web tool with knowledge map to facil-
itate knowledge sharing in construction. In addition, Le et 
al. (2014) developed a social network-based KM system to 
support the sharing of health and safety-related knowledge. 
However, the combination of web technologies with KM 
can only facilitate explicit knowledge sharing, whereas its 
contribution in terms of tacit knowledge sharing is limited 
(Dave and Koskela, 2009). Although some KM techniques 
that can improve interaction are integrated into web tools to 
support the tacit knowledge sharing, such as communities 
of practice (Lin and Lee, 2012), the sharing of tacit knowl-
edge between different disciplines is still a challenge.
The knowledge reuse process should be divided into 
two steps, namely, knowledge retrieval and adaptation. 
Many existing studies have explored how ITs can facilitate 
knowledge retrieval, and the most common retrieval 
scheme includes keywords (Lin et al., 2006), ontolo-
gies (Park et al., 2013a) and data/text mining (Lee et al., 
2008; Ur-Rahman and Harding, 2012). Construction proj-
ects require collaboration between different disciplinary 
teams. Different disciplinary teams have different educa-
tional backgrounds and conduct different tasks, thereby 
resulting in their use of different terms to describe knowl-
edge. However, existing studies on IT-based knowledge 
retrieval fail to consider knowledge retrieval under a col-
laborative environment. Knowledge adaptation refers to 
the process of adjusting the retrieved solutions to adapt to 
the currently encountered problems. Existing studies on 
IT-based KM ignore the process of knowledge adaptation 
when reusing the knowledge.
Databases are extensively used in knowledge storage, 
which requires a predefined classification structure for 
knowledge index. This process mainly relies on the man-
ual classification that is labour intensive and subjective. In 
addition, some knowledge may be to classify into a cer-
tain category, or they may belong to multiple categories 
at the same time. To overcome this problem, an automatic 
knowledge classifier is developed and combined with the 
database developed by Chi et al. (2014).
2.3 BIM-based KM
At this stage, only a small number of studies have rec-
ognised the potential of BIM that can be used to facilitate 
KM. Although the relevant studies are just emerging, they 
have been involved in various aspects of KM, namely, 
knowledge capture, sharing, storage and retrieval.
At present, three main methods are used to capture 
knowledge in the BIM environment. The first method is 
to capture and retain the knowledge through predefined 
customised parameters in the BIM model (Motawa and 
Almarshad, 2013; Deshpande et al., 2014). This method 
is based on the parametric modelling and object-oriented 
nature of BIM. The second method is the knowledge cap-
ture method, in which the application programming inter-
face provided by software vendors is applied to capture and 
convey data to BIM models through external applications 
(Wang and Leite, 2016). The last method is to combine 
BIM with a professional knowledge capture tool (Fruchter 
et al., 2009; Motawa et al., 2014). In terms of the knowl-
edge capture through the BIM parameters, BIM allows 
users to create customised parameters to add the knowl-
edge related to the building objects and projects (Motawa 
and Almarshad, 2013). In addition, in the BIM-based 
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KM system developed by Deshpande et al. (2014), differ-
ent user-defined parameters, such as lessons learned and 
involved professionals, are used to capture knowledge. 
However, although existing studies have recognised that 
customised parameters of BIM can be used to support 
knowledge capture, no study has focused on the develop-
ment of a common structure of the parameters that suit the 
collaboration between the different disciplines. Notably, 
studies on BIM-based knowledge capture do not discuss 
the capture of tacit knowledge.
Knowledge sharing supported by BIM is mainly based 
on the integration of BIM and knowledge-sharing tools, 
such as web tools (Ho et al., 2013) and desktop applica-
tions (Grover and Froese, 2016). BIM combined with web-
based applications can use accessibility, search capability 
and social interaction of web-based technologies and max-
imise the 3D description and parametric modelling fea-
tures of BIM. For example, Ho et al. (2013) developed a 
BIM-based web application to share knowledge in a text 
format. The knowledge in text format is sometimes diffi-
cult to be understood; hence, this system applies 3D visu-
alisation of BIM to help understand the related knowledge. 
As a result, knowledge can be easily shared, especially 
among different disciplines. 
BIM as a centralised platform allows the models devel-
oped by different project teams to be integrated into a single 
model, which makes design coordination between different 
teams easier (Eastman et al., 2011). Compared with the tra-
ditional design coordination that only concerns the geomet-
ric relationship between the building objects, BIM coordi-
nation further considers the semantic relationship between 
building objects. This is because the BIM model contains 
building objects and their related parameters. Accordingly, 
the coordinated BIM model can be viewed as an intelligent 
collaborative platform that can provide a shared and infor-
mation-rich context for design teams to collaboratively dis-
cuss the problems existing in the integrated model based on 
their knowledge (Kim and Grobler, 2009).
At present, only limited studies consider knowledge 
reuse under a BIM environment, and most of them con-
sider knowledge retrieval. For example, Park et al. (2013b) 
and Ding et al. (2016) applied ontologies to help represent 
knowledge, by which the knowledge is easily retrieved 
under the BIM environment. To facilitate the knowledge 
that can be retrieved by people who are not familiar with a 
specific knowledge domain, Gómez-Romero et al. (2015) 
combined fuzzy description logics with ontology in the 
BIM-based system to improve the knowledge retrieval 
results, in which the retrieval mechanism is not either 
‘true or false’ but relatively holds the truth. In addition, 
case-based reasoning (CBR) has been involved in the BIM 
system for knowledge storage and retrieval (Motawa and 
Almarshad, 2013; Motawa and Almarshad, 2015). Thus 
far, knowledge adaptation in the BIM environment has not 
been explored by studies. Table 1 summarises the current 
studies on the BIM-based KM.
2.4 Early involvement of knowledge of construction 
and FM into the design stage
Early contractor involvement (ECI) is proposed by the 
UK Highways Agency and aims to engage contractors 
earlier than normal to help with the design (Samuel and 
Ron, 2016). ECI can strengthen the connection between 
the contractors and the design team, which can provide 
contractors an opportunity to express their ideas in the 
early design stage based on their experience and knowl-
edge. Because the contractors have rich experience and 
knowledge about the selection of materials and construc-
tion methods and the estimation of cost and time, con-
struction projects can gain a lot of benefits from ECI.
According to Jensen (2009), the FM team is a group of 
people responsible for the operational costs, O&M, energy 
consumption and future adaptation and development of a 
facility. In addition, the FM team usually has a connection 
with end users and knows the requirements of the building 
users to support their business objectives. Therefore, if the 
FM team is involved in the early design stage (EFMI), the 
project will gain many benefits. Table 2 lists the benefits of 
ECI and EFMI in detail.
In addition to the benefits gained from ECI and EFMI, 
barriers and challenges have also been identified by stud-
ies. The six barriers to ECI are as follows: responsibil-
ity allocation (Jergeas and Van der Put, 2001; Samuel and 
Ron, 2016), reluctance to change (Jergeas and Van der Put, 
2001; Song et al., 2009; Love et al., 2014), lack of under-
standing of benefits (Song et al., 2009; Eadie et al., 2012), 
lack of mutual trust and respect (Jergeas and Van der Put, 
2001), lack of competitiveness (Motiar and Aminu, 2012) 
and lack of technical support (Gil et al., 2001; Jergeas and 
Van der Put, 2001). Previous studies have also identified 
three barriers to EFMI: lack of understanding of bene-
fits (Dunston and Williamson, 1999; Meng, 2013), lack of 
mutual knowledge (Jensen, 2009; Meng, 2013) and lack of 
technical support (Bröchner, 2003; Jensen, 2009).
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Table 1 Summary of current studies on BIM-based KM
Phase of project References KM aspect
Design phase
Fruchter et al. (2009) Knowledge capture
Kim and Grobler (2009) Knowledge representation
Nguyen and Toroghi (2013) Knowledge representation
Wang and Leite (2016) Knowledge capture
Park et al. (2013a) Proactive KM and knowledge retrieval
Construction phase
Jan et al. (2013) Knowledge capture, sharing, storage and reuse
Ho et al. (2013) Knowledge capture, sharing, storage and reuse
Lin (2014) Knowledge capture, sharing, reuse, storage and representation
Design and construction phases Deshpande et al. (2014) Knowledge capture and storage
FM phase
Liu and Issa (2012) Knowledge sharing
Motawa and Almarshad (2013) Knowledge capture and reuse
Charlesraj (2014) Knowledge representation
Motamedi et al. (2014) Knowledge visualisation and representation
Motawa and Almarshad (2015). Knowledge capture and retrieval
Throughout the project lifecycle
Konukcu and Koseoglu (2012) Knowledge sharing
Kivits and Furneaux (2013) Collaborative and proactive KM
Liu et al. (2013) Knowledge capture, sharing and reuse
Others Meadati and Irizarry (2010) Knowledge capture and storage
Table 2 Benefits of ECI and EFMI
Benefits References
Benefits of ECI
Improved constructability Gil et al., 2000; Song et al., 2009; Motiar and Aminu, 2012; Love et al., 2014
Enhanced relationship Arditi et al., 2002; Kadefors, 2004; Motiar and Aminu, 2012
Innovation Gil et al., 2000; Van Valkenburg et al., 2008; Motiar and Aminu, 2012
Informed decision-making Gil et al., 2000; Song et al., 2009; Samuel and Ron, 2016
Avoidance of risk Gil et al., 2000; Van Valkenburg et al., 2008; Song et al., 2009; Eadie et al., 2012; Motiar and Aminu, 2012; Love et al., 2014; Meng, 2014; Samuel and Ron, 2016
Satisfaction of clients Samuel and Ron, 2016
Benefits of EFMI
Operability and maintainability Mohammed and Hassanain, 2010; Meng, 2013
Improved O&M of future projects Mohammed and Hassanain, 2010
Selection of equipment Mohammed and Hassanain, 2010; Wang et al., 2013
Satisfaction of clients/end users Mohammed and Hassanain, 2010; Wang et al., 2013
Reduction of lifecycle cost Mohammed and Hassanain, 2010; Wang et al., 2013
Adaptability for future needs Jensen, 2009; Mohammed and Hassanain, 2010
3 Research methodology
To collect detailed information rather than a general 
and broad information, this study adopted semi-struc-
tured interviews as the main research method. A total 
of 30 interviewees were selected from 30 UK and Irish 
construction companies that differed in size, task and 
location. The selection of interviewees was based on a 
purposeful sampling strategy that is mainly applied to 
identify people who have experienced a certain phenom-
enon of interest (Patton, 1990). Interviewees are working 
in different organisation types, namely, design, construc-
tion, FM, consulting company and client. The number of 
interviews was chosen using the information saturation 
criterion, where no new information is generated from 
additional interviews over a particular interviewee sam-
ple size (Patton, 1990).
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The predesigned interview paradigm was developed and 
revised based on the literature review and four pilot inter-
views. The interview process included three parts. Firstly, 
interviewees were asked to provide their personal informa-
tion and their organisation information to confirm if they are 
suitable for the qualitative research. Secondly, current KM 
strategies in the interviewees’ companies were explored, 
which includes KM tools and techniques, KM activities 
(i.e. knowledge capture, retention, sharing and reuse) and 
BIM’s potential for KM. Lastly, interviewees were asked 
to describe how the contractors and the FM team were 
involved in the design stage of a project. They were also 
asked to provide their perspectives on how BIM can aid the 
early engagement process. Moreover, the interviewees were 
asked to specify their needs for and expectations of a pro-
posed BIM-based KM system to assist the ECI and EFMI.
The findings of this study were derived from content 
analysis of the collected information from the interviews. 
Content analysis is an effective way to code interview 
information and generate themes from it (Patton, 1990). 
The interviewees were conducted face to face or through 
Skype video calls. Each interview lasted for approximately 
one hour. The interview process was audio recorded, tran-
scribed and imported to NVivo 11 for content analysis.
4 Findings and discussion
4.1 ECI and EFMI in the current construction industry
The interview results indicate that the interviewees agree 
that the contractors should be involved before the start 
of the design drawing rather than during the design pro-
cess. Interviewees from the design disciplines explained 
that a client occasionally asks the design team to present 
their ongoing works, and the contractor is asked to con-
duct value engineering for the client. Consequently, a 
few design schemes should be changed, thereby increas-
ing the design team’s workloads. Hence, the design team 
is reluctant to show their design to the contractor to avoid 
the additional work caused by redesigning. This finding 
is consistent with the study result of Song et al. (2009). 
Moreover, a few interviewees suggested that subcontrac-
tors should be considered during the ECI process because 
they have substantial knowledge of technical details, and 
their knowledge is considerably targeted to such specific 
aspects. Gil et al. (2000) and Gil et al. (2001) also empha-
sised the importance of subcontractors in the early design 
stage. One of the interviewees indicated that several sub-
contractors had their own design teams. Hence, they will 
conduct the design work based on the general requirements 
and description of the project design team. If they need 
to further discuss with the project design team, then they 
can ask the main contractors to hold a meeting for them. 
Furthermore, a few interviewees mentioned that the con-
tractors are invited to participate in the design coordination 
meeting, which can also be considered a form of ECI.
Different from ECI, some interviewees believed that the 
FM team should be involved during the whole design pro-
cess. These interviewees believed that people working in 
FM discipline may lack geometric thinking and design-re-
lated knowledge and the FM people can hardly visual-
ise the design intentions in their minds. Accordingly, the 
communication of knowledge between the design and 
FM teams is inefficient without the design drawings and 
sometimes leads to misunderstanding. By contrast, a 
small number of interviewees believed that relying exces-
sively on visualisation, such as design drawings, would 
reduce the efficiency of knowledge exchange between the 
design and FM teams. The FM team may need extra time 
to understand the design drawing before they could give 
their advice to the design teams.
In addition, the interviewees described the issues they 
encountered in implementing ECI and EFMI. Through 
the analysis, these issues can be classified into two cat-
egories, namely, cultural and technical issues, which are 
summarised in Fig. 1.
4.2 BIM’s potential for KM
On the basis of the analysis results of the interview, 
BIM has three potential aspects for KM, namely, knowl-
edge capture and retention, proactive KM and visualisa-
tion-supported KM. BIM allows users to add data related 
to building objects in the model, such as materials and 
size. Meanwhile, users can create custom parameters in 
the BIM model, which can be used to capture and retain 
knowledge. For example, customised parameters are 
used to record the knowledge in the BIM model and to 
instruct the contractors on how to install or construct a 
specific object in a building. Such customised parame-
ters can also retain knowledge to guide the FM team on 
how to operate/maintain the facilities during the O&M 
stage. The method of capturing and retaining knowledge 
by using the customised parameters in the BIM model has 
also been indicated in previous studies, such as Motawa 
and Almarshad (2013) and Deshpande et al. (2014). 
Interviewees also suggested that client/end users should 
indicate the information and knowledge that they need. 
Then, the design team and contractors input the needed 
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information and knowledge in the BIM model. This infor-
mation and knowledge-rich model will be delivered to the 
FM team for O&M tasks. However, at present, client/end 
users are only encouraged to indicate the information that 
they need in the BIM model rather than knowledge.
Interviewees also indicate that the visualisation of BIM 
can also help the KM, particularly for the knowledge shar-
ing between different disciplinary teams. Some interview-
ees explain that some project teams, such as FM team and 
client, lacked geometric thinking and design knowledge. 
They can hardly communicate their ideas with other dis-
ciplinary teams. If 3D visualisation provides support, then 
the FM people and client/end users can easily understand 
the design intention. They can also easily know if the design 
meets the O&M requirements, building functions and 
business objectives. Consequently, they can provide their 
advices to improve the design. For example, doctors and 
nurses can use 3D visualisation as a basis to suggest to the 
design team what the layout of the operation room should 
be and the space planned to transport equipment. The stud-
ies of Luck (2007) and Ewenstein and Whyte (2009) sup-
ported this interview finding. Ewenstein and Whyte (2009) 
stressed that visual representations can be used to manipu-
late epistemic objects that enable different epistemic com-
munities to work in a shared way. Consequently, the issues 
can be solved based on a mutual understanding. According 
to Luck (2007), the level of clients’ understanding on the 
design can be improved in the conversations with the sup-
port of artefacts, such as drawings and models. The knowl-
edge can also be embedded in the artefacts themselves. 
Accordingly, the 3D visualisation of BIM in this study can 
be regarded as a form of artefacts.
The interviewees also stressed that BIM can facilitate 
a proactive KM. A possible motivation for this is mainly 
based on the detection, simulation and early estima-
tion functions of BIM. Supported by these functions, the 
design teams can proactively find the potential problems 
and apply their knowledge and experience to solve them 
in advance. The simulation function of BIM also facili-
tates the lifecycle issues to be discussed early in the design 
stage, such as lifecycle cost, energy consumption and 
maintenance space requirement. Consequently, project 
teams can make an informed decision in the early design 
stage based on their knowledge and experience.
4.3 Expectations of BIM-based KM for ECI and EFMI
The interviewees suggested that the BIM-based knowl-
edge-sharing platform should enable people to comment 
on the related building objects of BIM. In addition, they 
believe that a discussion module should be included in the 
BIM-based KM to facilitate interaction during knowledge 
sharing. The interviewees even think that embedding a 
common data environment (CDE) to BIM-based KM is 
necessary. This opinion is likely due to the fact that CDE 
as a central repository includes project-related documen-
tation and graphical and non-graphical data. Although 
CDE is currently applied exclusively to the informa-
tion level, such an environment can also be theoretically 
applied to the knowledge level. Consequently, project par-
ties can share and acquire knowledge on a central platform 
and avoid errors and conflicts caused by the inconsistency 
and dispersion of knowledge. Moreover, storing knowl-
edge in the central repository provided by CDE can allevi-
ate the problem of knowledge redundancy in a BIM-based 
KM system. The expectations of knowledge sharing men-
tioned in the interviews are all about explicit knowledge. 
Although the interviewees understand the importance of 
tacit knowledge, they did not propose any relevant strate-
gies to manage tacit knowledge in this system.
The interviewees also expect that the BIM-based KM 
can be used to capture and retain knowledge. The possi-
ble reason is that the customised parameters of BIM enable 
users to add a descriptive natural language. Thus, the cus-
tomised parameters of BIM enable people to add knowledge 
related to building objects or even projects. Although BIM 
can be regarded as a single central repository to capture and 
retain knowledge, interviewees believe that the reliability of 
importing knowledge from the BIM model into the external 
database can improve management. The interviewees also 
reiterated that during the process of knowledge retention, 
a common ‘language’ should be used for the knowledge 
index because this BIM-based KM system is intended for 
the collaboration of different disciplines in the design stage. 
The interviewees also explained that with the increasing 
Fig. 1 Challenges of ECI and EFMI identified by the interviewees
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knowledge in the proposed system, the problem of redun-
dancy should be avoided. The interviewees suggested two 
solutions. One solution is to generalise knowledge, and the 
other solution is to update the previous knowledge based 
on the latest problems. One interviewee explained that he 
expected that this system can enable knowledge transfer 
from the project level to organisational level.
The interviewees listed three expected methods of 
knowledge presentation. The first method is to present 
knowledge in case studies, in which the background infor-
mation of previous knowledge can be considered when peo-
ple reuse the knowledge for a current problem. The second 
method is to link knowledge with related building objects 
in the BIM model, by which the visualisation of BIM can 
be used to obtain an improved understanding of the knowl-
edge. The third method involves using conversation as 
a knowledge presentation method during the knowledge 
exchange, because this technique can facilitate the evalu-
ation of the reliability of knowledge and inspire new ideas.
The expectation of knowledge reuse is mainly about 
knowledge retrieval. The interviewees proposed three 
available methods of knowledge retrieval, namely, 
keywords, condition-based filter and category-based 
retrieval. In addition, the interviewees suggested that the 
BIM-based KM system should consider how to revise 
the retrieved previous solutions to adapt to the situa-
tion of current situation. Although previous studies have 
explored how to identify the previous solutions to address 
the problems, such as the CBR applied in the study of 
(Motawa and Almarshad, 2013), the knowledge adapta-
tion process still mainly relies on people. This adaptation 
process is labour intensive. The proposed BIM-based KM 
system should pay attention to the automatic knowledge 
adaptation process. 
 Furthermore, it is proposed that checking systems of 
specific domain rules and rule-based reasoning (RBR) 
can be integrated with BIM systems to support the knowl-
edge adaptation process. Automatic knowledge adapta-
tion approaches are not given in the original CBR cycle 
proposed by Aamodt and Plaza (1994). In Fig. 2, an RBR 
mechanism is added to the original CBR cycle to aid 
knowledge adaptation.
Interviewees also pointed out that the proposed BIM-
based KM system should be applied in an appropriate 
process. They indicated three project management strat-
egies that can be used to regulate the use of BIM. The 
three project management strategies are asset information 
requirement (AIR), explorer’s information requirement 
(EIR) and soft landing (SL). Air is used to specify the 
information required from an organisation in relation to 
an asset. EIR is developed based on AIR, in which the 
information required by a client for project development 
and operation should be specified. In addition, the infor-
mation provided in EIR will facilitate decision making 
at each employer’s decision point. SL is a strategy that 
stresses collaboration among the design, construction 
and O&M phases. This process includes a post-project 
evaluation that can provide the lessons learned for future 
projects. Therefore, SL can facilitate knowledge reuse. 
Although the three project management strategies are 
currently applied at the information level, if BIM-based 
KM is integrated to these project management strategies 
or regard AIR, EIR and SL as knowledge carriers, then 
the collaborative KM can be improved.
4.4 BIM-based KM framework for ECI and EFMI
Based on the results of interviews and literature review, the 
requirements of ECI and EFMI in the BIM environment 
should be classified into three aspects, namely, technical, 
process and cultural. Table 3 shows the details of these 
requirements. Table 3 also lists the number of interview-
ees that mentioned a specific requirement and the number 
of times each requirement is mentioned by the 30 inter-
viewees. Technical aspect includes the three traditional 
KM activities, namely, knowledge capture and retention, 
sharing and reuse, and also the other six aspects of tech-
nical requirements that mainly focus on the improvement 
Fig. 2 CBR cycle with RBR mechanism for knowledge adaptation
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of early collaboration. The six additional technical aspects 
are management of tacit knowledge, improvement of com-
mon understanding, proactive KM, knowledge adaptation, 
knowledge presentation and responsibility allocation. 
The process aspect mainly considers the combination of 
AIR, EIR and SL with BIM-based KM. To overcome the 
loss of knowledge, the process aspect also needs to solve 
the problem of lack of participation in KM activities at the 
end of a project. In addition, the proposed BIM-based KM 
system needs to consider how to transfer knowledge from 
temporary projects to a permanent part of an organisation.
The requirements of cultural aspect are mainly based 
on the literature review. These requirements were gen-
erated in response to the barriers of ECI and EFMI that 
are founded in the preview studies. Firstly, a construction 
project should establish a ‘win-win’ environment, which 
requires mutual understanding, adaptability to change of 
new work routes and understanding the benefits of early 
collaboration.
 The three aspects of the proposed BIM-based KM sys-
tem for ECI and EFMI are not independent but comple-
mentary. Fig. 3 illustrates the relationship between the 
three aspects and BIM’s potential for KM.
5 Conclusion
Semi-structured interviews are selected as the main 
method to explore how the knowledge of construction con-
tractors and FM teams can be involved in the design stage 
with the help of BIM technology. The current strategies of 
ECI and EFMI are initially explored. Then, BIM’s poten-
tial for KM is identified. On the basis of the interview 
Table 3 Details of the requirements of BIM-based KM system
Requirements of BIM-based KM
Number of times mentioned by 
the interviewees Number of quotes
Technical
Knowledge sharing 21 66
Knowledge capture and retain 7 10
Knowledge reuse (retrieval and adaptation) 15 43
Tacit knowledge 5 12
Proactive KM 21 57
Common knowledge 7 9
Responsibility allocation 5 8
Knowledge presentation 22 44
Process
AIR 9 10
EIR 16 29
SL 5 14
From project to organisation 1 1
Strategies for lack of participation 2 3
Cultural
Relief of conflicts 3 3
Adaptation to change 12 12
Understanding of benefits 10 14
Fig. 3 Proposed BIM-based KM framework for ECI and EFMI
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